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Intraoperative two-dimensional contrast echocardiog-
raphy was performed on 29 patients undergoing open
heart surgery to determine the presence of mitral re-
gurgitation before and immediately after the operative
procedure: 14 patients had predominant mitral stenosis,
9 had severe mitral regurgitation and 6 had no mitral
valve disease (control subjects). Two-dimensional echo-
cardiography was performed by applying a 5 MHz trans-
ducer directly on the heart during injection of saline
solution through an apical ventricular sump or trans-
septal needle, generating contrast microbubbles, with
imaging in two planes.
Baseline studies were performed after thoracotomy
and pericardiotomy before cardiopulmonary bypass, and
a second study was done after the operative procedure,
with the patient otTcardiopulmonary bypass with hemo-
dynamic stabilization before chest closure. No control
subject had contrast evidence of mitral regurgitation
before or after cardiopulmonary bypass. Two of three
Mitral anuloplasty, valvuloplasty or commissurotomy is
preferable to prosthetic valve replacement when possible
(1). However, a reparative procedure that produces signif-
icant mitral regurgitation leads to a poor surgical outcome
and the need for early valve replacement. Mitral regurgi-
tation can be detected intraoperatively by left atrial hemo-
dynamic monitoring, direct visualization, palpation or dye
injections, but these methods may be inaccurate and un-
derestimate the presence and severity of the regurgitation
(2). Importantly, a properly functioning mitral apparatus
includes the leaflets, anulus, chordae tendineae , papillary
muscles and underlying myocardium. Therefore, the eval-
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patients with mitral valvuloplasty and two of five with
commissurotomy required a second operative procedUre
before chest closure because of persistent mitral regur-
gitation detected by intraoperative two-dimensional con-
trast echocardiography. Thirteen of the 15 patients with
valve replacement had no mitral regurgitation after car-
diopulmonary bypass. Intraoperative two-dimensional
echocardiographic findings correlated with data from
postoperative clinicalexaminations and two-dimensional
echocardiography-Doppler studies.
It is concluded that two-dimensional echocardiog-
raphy with contrast is an important intraoperative tool
for assessing the presence and relative severity of mitral
regurgitation after mitral commissurotomy, valvulo-
plasty or valve replacement. This technique may allow
surgeons to be more aggressive in combining reparative
operative procedures (that is, commissurotomy and val-
vuloplasty) in an attempt to retain native valves.
uation should be performed under conditions as close to the
normal physiologic conditions as possible , with the patient
in spontaneous or paced atrial rhythm and off cardiopul-
monary bypass .
Intraoperative two-dimensional echocardiography can be
safely employed to evaluate cardiac function (3). Previous
studies (4) have also documented the efficacy of utilizing
the generation of "echo contrast microbubbles" with injec-
tions of saline solution for evaluating the presence and de-
gree of left-sided cardiac valvular regurgitation during car-
diac catheterization. The present study examined the potential
application of intraoperative two-dimensional contrast echo -
cardiography for evaluating the presence and severity of
mitral regurgitation after mitral valve operations .
Methods
Study patients. The study group consi sted of29 patients
(14 men and 15 women aged 28 to 70 years [mean 46 .7])
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Figure 1. Normal intraoperative contrast study of the mitral valve.
A, Baseline intraoperative two-dimensional echocardiogram in a
modified long-axis view during systole (the aortic [AO) valve is
open and the mitral valve [MV] is closed). B, The initial bolus of
microbubbles is visible in the apex of the left ventricle (LV) (white
arrow indicates the flow pattern of the microbubbles toward the
aorta). C, The entire left ventricle fills with microbubbles in early
systole (the aortic and mitral valves are both closed). D, During
ventricular systole (the aortic valve is open), the microbubbles are
seen exiting the ventricle and entering the aorta (black arrows)
while no microbubbles are seen in the left atrium (LA), indicating
no mitral regurgitation. RV = right ventricle.
who underwent open heart surgery. All patients had under-
gone cardiac catheterization before operation. The predom-
inant lesion was mitral stenosis in 14 patients and significant
mitral regurgitation in 9. There were six control subjects
without evidence of mitral valve disease by catheterization
(three with aortic regurgitation, two with coronary artery
disease and one with a left atrial myxoma). Of the 23 patients
with mitral valve disease, 15 had valve replacements, 5 had
commissurotomy and 3 had anuloplasty.
First echocardiogram. After sternotomy and pericar-
diotomy with the patient in his or her intrinsic rhythm, a
baseline echocardiogram was obtained by the surgeon
(B.P.M.) by placing a sterilely prepared 5 MHz transducer
(ATL, mark III) directly on the exposed heart. The long-
axis plane was imaged first, followed by the short-axis view.
Injection of saline solution for the purpose of microbubble
formation was performed by an apical ventricular sump or
a long 20 gauge needle passed through the interventricular
septum from the right ventricle into the mid or apical left
ventricle. After scrupulous efforts were made to remove all
air bubbles, 5 cc of normal saline solution or dextrose in
water was injected, generating echogenic microbubbles. In
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Figure 2. Mitral regurgitation. After injection of 5 cc of dextrose
in water, the left ventricle (LV), aorta (AO) and left atrium(LA)
all fill with microbubble contrast. The density of contrast in the
left atrium is equal to or greater than that in the left ventricle and
aorta, indicative of 4+ mitral regurgitation. RV = rightventricle.
subjects with no mitral regurgitation, during imaging in the
long-axis view, the injectate would fill the left ventricle with
microbubbles that exited through the aorta in one to two
beats, while the left atrium remained echo-free (Fig. IA
and B). The bolus of microbubbles generated by the injectate
could be clearly distinguished from the few spontaneous
random microbubbles seen commonly after bypass surgery.
If mitral regurgitation was present , the left atrium filled to
varying degrees and cleared of microbubbles slowly or rap-
idly depending on the extent of mitral regurgitation (Fig.
2). A grading system of 0 to 4 + based On contrast density
and time for complete clearing was utilized, as previously
described by Reid et a!. (4) for contrast echocardiographic
studies during cardiac catheterization in patients with val-
vular regurgitation. This technique is similar to that used
for grading regurgitation during angiography (5). Because
the long-axis view provides a single plane longitudinal slice
of the left atrium, and the short-axis plane provides visu-
alization of the width of the left atrium, the two planes are
complementary. In the short-axis view, an apical injection
normally would demonstrate all the microbubbles exiting
from the aorta only and none entering into the left atrium .
If mitral regurgitation was present, the exact location of the
regurgitant jet into the left atrium was readily identifiable
in this view (Fig. 3).
First operative procedure. After the baseline study,
cardiopulmonary bypass with core cooling to 25°C and hy-
perkalemic cold cardioplegic arrest was utilized in each
patient. The patient then underwent the appropriate mitral
valve procedure consistent with the preoperative and intra-
operative findings. Commissurotomy was also performed
as routinely recommended (6,7). The techniques for valve
repair were similar to those previously described (8,9) for
valvuloplasty: leaflet resection was performed when indi-
cated, thickened chordae were fenestrated and redundant
elongated chordae were shortened. A Carpentier ring was
utilized in only one patient. The presence of mitral regur-
gitation was initially visually evaluated by an injection of
saline solution into the left ventricular chamber while the
patient was still on cardiopulmonary bypass.
After the operative procedure, the patient was weaned
off cardiopulmonary bypass and either a spontaneous or an
atrial paced rhythm was established. Once the patient was
in hemodynamically stable condition, left atrial pressure
tracings were recorded; the presence or absence of an atrial
V wave was confirmed . Direct palpation was applied to
detect the possible presence of a thrill across the mitral valve
and left atrium indicative of mitral regurgitation.
Repeat intraoperative echocardiograms. Repeat intra-
operative echocardiographic imaging was then performed
in both long- and short-axis views to determine the presence,
location and relative severity of any existing mitral regur-
gitation . If regurgitation was detected, the patient was again
placed on cardiopulmonary bypass. After cardioplegic ar-
rest, a second operative procedure was performed using the
echocardiographic findings as a guide to the location of the
regurgitation. On completion of the second valve repair or
replacement procedure, echocardiography was repeated. The
procedure was followed until no significant mitral regur-
gitation was detectable.
Follow-up. Before discharge, the patients underwent
physical examinations and pulsed Doppler echographic studies
for evaluation of the presence or absence of mitral
regurgitation.
Results
First echocardiogram (Table I). None of the six con-
trol subjects had demonstrable mitral regurgitation by intra-
operative contrast echocardiography. Sixteen of the 23 pa-
tients with mitral valve disease had evidence of mitral
regurgitation on the baseline intraoperative contrast echo-
cardiogram. Two patients had 4 + , six had 3 +, five had
2 + and three had I + mitral regurgitation; seven had no
mitral regurgitation. The intraoperative scoring of regur-
gitant severity correlated exactly with prior angiographic
assessment. The initial operative procedure was mitral valve
replacement in 15 patients (9 with predominant stenosis and
6 with regurgitation), commissurotomy in 5 and anulo-
valvuloplasty in 3. Three of the six control group patients
underwent aortic valve replacement, two had coronary by-
pass grafting and one had removal of a left atrial myxoma.
Second echocardiogram (Table I). The second intra-
operative contrast echocardiogram was performed in each
patient when the patient was off cardiopulmonary bypass
and in hemodynamically stable condition. No control sub-
ject had mitral regurgitation. Only 2 of the 15 patients who
underwent valve replacement (11 Starr-Edwards, I Bjork-
Shiley and 3 porcine heterograft prostheses) had any mitral
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Figure 3. Mitral regurgitation after anuloplasty. A, The short-
axis plane at the level of the aorta/left atrium. After an unsuccessful
anuloplasty, the dextrose injection in the left ventricle demonstrates
contrast in the aorta (AO) and also initially along the lateral wall
of the left atrium (LA) (arrows). B, Later in systole, the entire
left atrium fills with contrast equal in density to that of the aorta,
consistent with 4 + mitral regurgitation. C, After reexploration
and a second successful operative procedure, the microbubbles are
seen only in the aorta and not in the left atrium, indicating no
mitral regurgitation.
regurgitation (2 +). The regurgitation in one patient was
due to improper placement of the transseptal needle; from
review of the tape, it was apparent that the needle was
improperly positioned in the cage of the Starr-Edwards pros-
thesis creating valve dysfunction and no further operative
procedure was performed. In the other patient with regur-
gitation the prosthesis was a 4M Starr-Edwards with slow
inertial characteristics, and I + mitral regurgitation was
deemed acceptable. Four of five patients with commissurot-
omy demonstrated residual mitral regurgitation: two who
had 2 + regurgitation underwent a second procedure and
two had I + regurgitation. Of the three patients with anu-
loplasty, two had significant residual regurgitation and re-
quired a second operative procedure. Contrast echocardi-
ography was performed after each repeat valve procedure
as previously described and showed no significant
regurgitation.
Additional results. In those patients in whom intra-
operative two-dimensional contrast echocardiography dem-
onstrated significant mitral regurgitation, neither left atrial
pressure tracings nor direct palpation detected regurgitation.
The total additional operative time due to the complete echo-
cardiographic study was less than 5 minutes. No cardiac,
infectious or neurologic complications were seen in any
patient. Clinical examination and postoperative pulsed Dop-
pler studies performed before hospital discharge had ex-
cellent correlation with the findings of the last intraoperative
echocardiogram regarding the presence and extent of mitral
regurgitation.
Discussion
With more sophisticated surgical techniques, increasing
efforts are being made to surgically repair an abnormal
mitral valve rather than to insert a prosthesis with all its
potential risks and complications. Although long-term re-
sults of mitral commissurotomy may be quite good, the
natural history of valvuloplasty is not fully known (9). In-
terestingly, Carpentier et al. (10) reported a residual systolic
murmur in more than 40% of their patients after mitral
valvuloplasty with varying degrees of mital regurgitation.
Regardless of the type of mitral valve operation, there would
be significant value in an accurate procedure to evaluate the
presence of mitral regurgitation before the patient leaves the
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Table 1. Intraoperative Contrast Echocardiography in 23 Patients Undergoing Mitral
Valve Operation
Ist procedure
Residual MR
2nd procedure
Residual MR
i
Mitral Stenosis
(14)
Commissurotomy
(5)
4
2
o
29 Patients
I
Mitral Regurgitation
(9)
Valve Replacement
(15)
2
o
o
I
Control Subjects
(6)
AVR (3)
CABG (2)
Myxoma (I)
Anuloplasty
(3)
2
2
o
AVR = aortic valve replacement; CABG = coronary artery bypass graft; MR = mitral regurgitation;
Myxoma = myxoma of the left atrium.
operating room. We, therefore, evaluated the application of
contrast two-dimensional echocardiography to the intra-
operative assessment of mitral regurgitation. A baseline study
is obtained after sternotomy, and a repeat study is obtained
after the valve procedure with the patient off cardiopul-
monary bypass before sternal closure. Residual mitral re-
gurgitation can be assessed and, if present, an additional
procedure can be performed before the patient has left the
operating room. We utilized this method for the evaluation
of mitral prostheses as well, assuming that the presence of
mitral regurgitation would have similar deleterious clinical
significance.
Limitations of method. There are several potential lim-
itations of intraoperative two-dimensional echocardiography
for assessing mitral regurgitation. The procedure requires
both an experienced echocardiographer and a cooperative
surgeon who is familiar with the basic imaging views. To
expedite the procedure, the entire operative team must be
familiar with the technical aspects of the procedure (for
example, the presence in the operating room of the echo-
cardiographic machine itself, which is an additional large
piece of equipment, the sterilization and proper positioning
of the transducer and its cord in the surgical field and special
precautions against air in syringes or tubing used for injec-
tion). In experienced hands, the entire procedure should take
only I to 2 minutes at each stage. Additionally, the study
is obtained before and after the actual operative procedure
without prolonging aortic cross-clamp time. Importantly,
with the surgeon performing the echocardiogram with an
echocardiographer's guidance, there is minimal disruption
of the routine operative procedure.
Previous studies. Contrast echocardiography is not a
new technique, but it has not been previously applied in-
traoperatively. First described in 1968, contrast echocardi-
ography is a well accepted noninvasive technique (11-13),
Several studies (14-18) suggest that microbubbles of air
present in the injectate and tubing system are the likely
source of ultrasonic contrast. Initial concern over the po-
tential consequences of contrast microbubbles introduced
into the systemic circulation was allayed by the many reports
utilizing right-sided microbubbles (11-13), microencapsu-
lated substances (14), prior intraoperative echographic stud-
ies (3) and left-sided contrast catheterization studies (4).
One study (15) demonstrated the presence of spontaneous
left ventricular microbubbles in 49% of patients after routine
cardiopulmonary bypass. Importantly, there have been only
28 reported transient side effects and only one case of per-
manent neurologic deficit in almost 41,000 contrast echo-
cardiograms performed (16,17). We have had no cardiac,
neurologic or infectious complications related to the per-
formance of the intraoperative echocardiograms.
Evaluation of intraoperative regurgitation. The eval-
uation of mitral regurgitation by intraoperative echocardi-
ography is limited by an inability to quantify the severity
of the regurgitation. This is not dissimilar to the standard
qualitative ventriculographic catheterization technique (5).
However, intraoperative echocardiography can define anat-
omy well, localize the regurgitant jet in the short-axis view
and even detect small degrees of regurgitation. A potential
problem is that this method may be overly sensitive. How-
ever, since intracardiac pressures are usually lower than
normal while the thorax and pericardium are open, any more
than trace mitral regurgitation detected in the left atrium
intraoperatively should be considered significant.
The two patients with valve replacement who manifested
mitral regurgitation illustrate additional limitations of the
method. One patient had a 4M Starr-Edwards prosthesis,
which is known to be associated with minimal mitral re-
gurgitation because of its large size and its inherent problem
of inertia. This created a significant problem in the inter-
pretation of the intraoperative mitral regurgitation. In the
second patient with mitral valve replacement and demon-
strated regurgitation, the regurgitation was due to improper
positioning of the transseptal needle in the first patient in
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whom this technique was used. Subsequently, direct visu-
alization of the needle tip in the ventricular cavity by echo-
cardiography has avoided repetition of this mistake.
We are now following up the patients to determine the
effectiveness of intraoperative contrast echocardiography to
predict long-term results. Additionally, we have begun to
compare intraoperative pulsed Doppler techniques with con-
trast echocardiography as an alternative technique to avoid
contrast injections.
Clinical implications. In this preliminary evaluation,
intraoperative two-dimensional echocardiography proved to
be a safe and effective method of assessing the presence
and relative severity of mitral regurgitation, both for an
initial baseline evaluation as well as after a mitral valve
repair procedure or prosthetic replacement. The echocar-
diographic examination is performed before the patient leaves
the operating room, thereby potentially avoiding early reop-
eration for valvular dysfunction and the attendant risks of
a second major operation. This technique may allow sur-
geons to be more aggressive in combining different oper-
ative procedures (that is, commissurotomy and valvulo-
plasty) in an attempt to salvage native mitral valves.
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